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As microelectronic fabrication integration levels and functionality levels have 
increased, it has become common in the art of microelectronic fabrication to employ in addition to 
the generally conventional microelectronic device structures such as but not limited to transistor 
structures, resistor structures, diode structures and capacitor structures when fabricating 
5 microelectronic fabrications, less conventional microelectronic device structures such as inductor 
structures when fabricating microelectronic fabrications. In particular, within microelectronic 
fabrications which are intended to be employed within high frequency microelectronic fabrication 
applications, such as mobile communications high frequency microelectronic fabrication 
applications, it is often common to employ microelectronic inductor structures, in particular in 
;;J0 conjunction with microelectronic capacitor structures, within those microelectronic fabrications. 

I 

! f]f While microelectronic inductor structures are thus desirable and often essential within 

^ the art of microelectronic fabrication, microelectronic inductor structures are nonetheless not entirely 
j :H without problems in the art of microelectronic fabrication. In that regard, it is typically desirable in 
3§ the art of microelectronic fabrication, but nonetheless not always readily achievable in the art of 
lJ5 microelectronic fabrication, to fabricate microelectronic fabrications having formed therein 

microelectronic inductor structures with optimal properties, as characterized by enhanced Q values 

of the microelectronic inductor structures. 

It is thus towards the goal of fabricating within microelectronic fabrications 
microelectronic inductor structures with optimal properties of the microelectronic inductor 
20 structures, as characterized by enhanced Q values of the microelectronic inductor structures, that the 
present invention is directed. 
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Various microelectronic inductor structures having desirable properties, including but 
not limited to enhanced Q values, have been disclosed in the art of microelectronic fabrication. 

For example, Ashby et al., in "High Q Inductors for Wireless Applications in a 
Complementary Silicon Bipolar Process," IEEE J. of Solid State Circuits, Vol. 31(1), Jan. 1996, pp. 
5 4-9, discloses a planar spiral inductor structure fabricated with a particularly enhanced Q value for 
use within a microelectronic fabrication. To realize the foregoing object, there is employed when 
fabricating the planar spiral inductor structure a substrate of higher substrate resistance and a spirally 
patterned conductor layer of lower series resistance. 

;rj In addition, Kitahara, in U.S. Patent No. 5,977,845 discloses a microelectronic 

^0 inductor structure in conjunction with a microelectronic ^capacitor _ structure for use within a 
;:5f microelectronic fabrication, where there is avoided within the microelectronic inductor structure in 

conjunction with the microelectronic capacitor structure for use within the microelectronic 
j in fabrication a magnetic field effect upon the microelectronic capacitor structure as induced by the 
i:n microelectronic inductor structure within the microelectronic fabrication. To realize the foregoing 
i;J5 object, the microelectronic inductor structure comprises a pair of spiral inductor structures disposed 

geometrically with respect to the microelectronic capacitor structure such that a pair of magnetic 

fields generated by the pair of spiral inductor structures is equivalent, anti-parallel and cancels with 

respect to the microelectronic capacitor structure. 

Finally, Yamazaki et al., in U.S. Patent No. 6,002,161, also discloses a planar spiral 
20 inductor structure fabricated with an enhanced Q value for use within a microelectronic fabrication. 
To realize the foregoing object, there is decreased when fabricating the planar spiral inductor 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the present invention are understood within 
the context of the Description of the Preferred Embodiment, as set forth below. The Description of 
the Preferred Embodiment is understood within the context of the accompanying drawings, which 
form a material part of this disclosure, wherein: 

Fig. 1 shows a schematic plan view diagram of a microelectronic inductor structure 
fabricated in accord with the present invention. 

Fig. 2 shows a schematic cross-sectional diagram of a microelectronic inductor 
structure corresponding with the microelectronic inductor structure whose schematic plan view 
diagram is illustrated in Fig. 1 . 

Fig. 3 shows a graph of Q versus Frequency for a microelectronic inductor structure 
fabricated in accord with the present invention, in comparison with an otherwise equivalent 
microelectronic inductor structure fabricated employing conventional linewidth and spacing 
dimensions. 
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about 900 MHz microelectronic fabrication applications and lower frequency (i.e., less than about 
100 MHZ) microelectronic fabrication applications. 

Referring now to Fig. 1 there is shown a schematic plan view diagram of a 
microelectronic inductor structure fabricated in accord with a preferred embodiment of the present 
5 invention. 

Shown in Fig. 1 is a substrate 10 having formed thereupon a spirally patterned 
; = !i conductor layer 12, where the spirally patterned conductor layer 12 has a series of spirals which is 

-f} formed with a variation of linewidths within the series of spirals within the spirally patterned 

l ri conductor layer 12. Within the schematic plan view diagram of Fig. 1, the spirally patterned 

l H0 conductor layer 12 forms a planar spiral inductor structure in accord with the present invention. As 
s :_ will be illustrated more particularly within the context of the examples which follow, by employing 

when forming the spirally patterned conductor layer 12 the series of spirals with the variation in 
iln linewidths, there is provided within the context of the present invention a planar spiral inductor 

□ structure with optimal properties, as characterized by an enhanced Q value of the planar spiral 

15 inductor structure. 

As is illustrated within the schematic plan-view diagram of Fig. 1, a microelectronic 
inductor structure of the present invention which is formed as the planar spiral inductor structure of 
the present invention is formed of a bidirectional outer spiral width Wl of from about 250 to about 
400 microns which defines an outer periphery of the planar spiral inductor structure, while similarly 
20 having a bidirectional inner spiral width W2 of from about 30 to about 120 microns which defines 



9 



67,200-262 
1999-545 



an inner cavity within the center of the planar spiral inductor structure of the present invention. As 
is illustrated within the schematic plan view diagram of Fig. 1, when forming a series of spirals 
within the preferred embodiment of the planar spiral inductor structure of the present invention, a 
linewidth of each of the spirals which comprises the series of spirals within the spirally patterned 
conductor layer 12 which forms the planar spiral inductor structure of the present invention becomes 
progressively wider as the series of spirals progress from the innermost spiral to the outermost spiral. 
Typically and preferably, the linewidth progresses from: (1) a most narrow linewidth LW1 of from 
about 7 to about 10 microns for an innermost spiral, to; (2) a less narrow linewidth LW2 of from 
about 10 to about 13 microns for a more inner interior spiral, to; (3) a still less narrow linewidth 
LW3 of from about 13 to about 17 microns for a more outer interior spiral, to; (4) a widest linewidth 
LW4 of from about 17 to about 21 microns for an outermost spiral. 

Although the preferred embodiment and examples of the present invention illustrate 
the present invention within the context of a progressive and discontinuous variation of linewidth 
within a series of spirals within a planar spiral inductor structure in accord with the present 
invention, in a more broad sense, the present invention seeks to enhance electrical and 
electromagnetic properties of planar spiral inductor structures employed within microelectronic 
fabrications, and in particular to provide optimal properties within a planar spiral inductor structure 
as characterized by an enhanced Q value within the planar spiral inductor structure, by adjusting by 
means of variations including but not limited to continuous variations and discontinuous variations 
at least one of: (1) a series linewidths of a successive series of spirals; and (2) a series of spacings 
separating the successive series of spirals, within a spirally patterned conductor layer within a planar 
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Referring now to Fig. 2, there is shown a schematic cross-sectional diagram of a 
microelectronic inductor structure corresponding with the microelectronic inductor structure whose 
schematic plan view diagram is illustrated in Fig. 1 . 

Similarly within microelectronic inductor structure whose schematic plan view 
diagram is illustrated in Fig. 1, there is shown within the microelectronic inductor structure whose 
schematic cross-sectional diagram is illustrated in Fig. 2 the substrate 10 having formed thereupon 
a series of spirally patterned conductor layers 12a, 12b, 12c, 12d, 12d\ 12c', 12b' and 12a' which 
derive from the spirally patterned conductor layer 12 as illustrated within the schematic plan view 
diagram of Fig. 1, and where the linewidths LW1, LW2, LW3 and LW4 of the series of spirally 
patterned conductor layers 12a, 12b, 12c, 12d, 12d\ 12c', 12b' and 12a 5 correspond with the 
linewidths LW1, LW2, LW3 and LW4 of the spirally patterned conductor layer 12 as illustrated 
within the schematic plan view diagram of Fig. 1. 

Within the preferred embodiment of the present invention with respect to the substrate 
10, the substrate 10 may be employed within a microelectronic fabrication selected from the group 
including but not limited to integrated circuit microelectronic fabrications, ceramic substrate 
microelectronic fabrications, solar cell optoelectronic microelectronic fabrications, sensor image 
array optoelectronic microelectronic fabrications and display image array optoelectronic 
microelectronic fabrications, although, as noted above, a planar spiral inductor structure in accord 
with the present invention is most likely to provide value when fabricating an integrated circuit 
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microelectronic fabrication which is employed within a higher frequency microelectronic fabrication 
application, such as a wireless communication higher frequency microelectronic fabrication 
application. 

Although not specifically illustrated in the schematic cross-sectional diagram of Fig. 
2, the substrate 10 may consist of a substrate alone as employed within the microelectronic 
fabrication, or in an alternative, the substrate 10 may comprise the substrate as employed within the 
microelectronic fabrication, where the substrate has formed thereupon and/or thereover any of 
several additional microelectronic layers as are conventionally employed within the microelectronic 
fabrication within which is employed the substrate 10. Similarly with the substrate alone as 
employed within the microelectronic fabrication, such additional microelectronic layers may be 
formed of microelectronic materials including but not limited to microelectronic conductor materials, 
microelectronic semiconductor materials and microelectronic dielectric materials. 

Similarly, although also not specifically illustrated within the schematic cross- 
sectional diagram of Fig. 2, the substrate 10, typically and preferably, but not exclusively, when the 
substrate 10 consists of or comprises a semiconductor substrate employed within a semiconductor 
integrated circuit microelectronic fabrication, has formed therein and/or thereupon microelectronic 
devices as are conventional within the microelectronic fabrication within which is employed the 
substrate 10. Such microelectronic devices may include, but are not limited to, transistors, resistors, 
diodes and capacitors. 
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Most preferably, although not exclusively, within the preferred embodiment of the 
present invention the substrate 10: (1) comprises a semiconductor substrate employed within a 
semiconductor integrated circuit microelectronic fabrication; (2) the semiconductor substrate has 
formed therein and/or therupon microelectronic devices as are conventional within the 
semiconductor integrated circuit microelectronic fabrication within which is employed the 
semiconductor substrate; and (3) the top surface of the substrate 10 is formed of an integrated circuit 
microelectronic layer formed of a dielectric material. 

Within the preferred embodiment of the present invention with respect to the series 
of spirally patterned conductor layers 12a, 12b, 12c, 12d, 12d\ 12c 5 , 12b' and 12a', the series of 
spirally patterned conductor layers 12a, 12b, 12c, 12d, 12d\ 12c', 12b' and 12a' maybe formed from 
any of several conductor materials as are conventional in the art of microelectronic fabrication for 
forming inductor structures or conductor structures within microelectronic fabrications, such 
conductor materials being selected from the group including but not limited to: (1) non-magnetic 
metal and non-magnetic metal alloy (such as but not limited to aluminum, aluminum alloy, copper 
and copper alloy) conductor materials: (2) magnetic metal and magnetic metal alloy (such as 
permalloy and higher order alloys incorporating permalloy alloy) conductor materials; (3) doped 
polysilicon (having a dopant concentration greater than about 1E18 dopant atoms per cubic 
centimeter) and polycide (doped polysilicon/.metal silicide stack) conductor materials; and (4) 
laminates thereof. Typically and preferably, each of the spirally patterned conductor layers 12a, 12b, 
12c, 12d, 12d', 12c 5 , 12b 5 , and 12a 5 is formed to a thickness of from about 4000 to about 35000 
angstroms. 
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spiral inductor structure was defined by a bidirectional cavity width of about 120 microns and an 
outer periphery of the planar spiral inductor structure was defined by a bidirectional linewidth of 
about 280 microns. Finally, each of the spirals within the planar spiral inductor structure was formed 
to a thickness of about 20000 angstroms from an aluminum alloy conductor material. 

For comparison, purposes, there was also fabricated as a second example a more 
conventional planar spiral inductor structure otherwise generally equivalent with the planar spiral 
inductor structure fabricated in accord with the first example, but wherein each spiral within the 
series of five spirals had a linewidth of about 15 microns, rather than the variable linewidth as 
disclosed above. 

Each of the two planar spiral inductor structures in accord with the examples was then 
electrically tested employing electrical testing methods as are conventional in the art of 
microelectronic fabrication. For both of the planar spiral inductor structures in accord with the 
examples, there was observed no discernable variation in a resonant frequency of about 8 Ghz. 
However, with respect to measurement of Q value as a function of frequency, it is seen, by reference 
of the graph of Fig. 3, that at frequencies of greater than about 1.5 gigahertz there is approximately 
a 20 percent increase in Q value for a planar spiral inductor structure fabricated in accord with the 
present invention and further in accord with the first example, as characterized by the curve 
corresponding with reference numeral 14, in comparison with a planar spiral inductor structure more 
conventionally fabricated in accord with the second example, as characterized by the curve 
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curve corresponding with reference numeral 16. For reference purposes, specifics of calculation of 
Q values are provided within Yamazaki, U.S. Patent No. 6,002,161, within the Description of the 
Related Art. 

Thus, in accord with the examples of the present invention, it is clear that the present 
invention and the preferred embodiment of the present invention provide, within a microelectronic 
fabrication a microelectronic inductor structure with optimal properties, as characterized by an 
enhanced Q value of the microelectronic inductor structure. 

As is understood by a person skilled in the art, the preferred embodiment and 
examples of the present invention are illustrative of the present invention rather than limiting of the 
present invention. Revisions and modifications may be made to methods, materials, structures and 
dimensions through which is fabricated within a microelectronic fabrication in accord with the 
preferred embodiment of the present invention a microelectronic inductor structure while still 
fabricating a microelectronic fabrication having fabricated therein a microelectronic inductor 
structure in accord with the present invention, further in accord with the appended claims. 
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